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Abstract 
Pineapple is one of the most appreciated fruit by Brazilian’s consumers. 
Despite its extensive production in Northeastern Brazil, trade has been limited to the 
domestic market mostly because current production systems do not meet the 
required safety standard for international markets. The Good Agricultural Practices 
(GAP) system has been used as a tool that provides further assurance that produce 
meets the highest health and safety standards. The objective of this work was to 
evaluate microbial quality aspects of Perola pineapple harvested in the maturity 
stage green, grown under GAP and traditional management systems in the Santa 
Rita County, Paraíba State, Brazil. The experimental design was the completely 
randomized, with three replications of 12 fruits/production system, each harvest 
period. Total coliform counts were significantly lower (P>0.05) for pineapple grown 
under GAP as compared with fruit from conventional management system. No fecal 
coliform, Salmonella or Staphylococcus aureus were detected in pineapple produced 
under GAP system; however mold and yeast counts did not differ between 
treatments. Collectively the results lead to conclusion that pineapple grown under 
GAP system showed superior microbial quality as compared with fruits grown 
under traditional system, probable due to rational use operational and of 
agricultural resources. 
 
INTRODUCTION 
Currently Brazil is the main pineapple producer in South America and the third 
producer in the world. ‘Perola’ pineapple is one of the most appreciated fruit by 
Brazilian’s consumers (Brotel et al., 1991; Chitarra and Chitarra, 1994). Despite its 
extensive production in Northeastern Brazil, trade has been limited to the domestic 
market mostly because current production systems do not meet the required safety 
standard for international markets. The Good Agricultural Practices (GAP) system has 
been used as a tool that provides further assurance that produce meets the highest health 
and safety standards.  
Outbreaks of diarrhea and hemolytic uremic syndrome, associated with 
Escherichia coli O157:H7 in unpasteurized apple juice (Bresser et al., 1993), have raised 
concerns about the adequacy of some sanitation practices and need for regulatory action. 
While the source of E. coli in such outbreaks not been demonstrated, contamination of the 
fruit animal feces has been suspected (Sapers et al., 1999). Governd et al. (1979) 
demonstrated an association between presence of manure in orchards and E. coli 
(presumptive) in juice prepared from apple dropped on the ground. Fecal matter might 
also contaminate pineapple directly or indirectly via spray irrigation water or windblown 
dust. Handling operations may also be a source of contamination. Therefore, identify and 
supporting practical interventions that may assist in reducing or eliminating microbial 
contamination of fresh produce at the retail level have been actively encouraged today, as 
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a role in minimizing food safety hazards.  
The objective of this work was to evaluate microbial quality aspects of ‘Perola’ 
pineapple harvested in the maturity stage green, grown under GAP and traditional 
management systems in the Santa Rita County, Paraíba State, Brazil. 
 
MATERIALS AND METHODS 
Pineapples were harvested as mature green from July to December 2003 (each two 
months), from commercial orchards that were adjusting their management systems to 
Good Agricultural Practices (+GAP) and from conventional management system (-GAP) 
(Fig. 1), in Santa Rita County, Paraíba State, Brazil.  
The main interventions for fruits grown under GAP system, as compared to 
conventional management system, were the isolation of water sources to avoid presence 
of animals, composting manure, and training harvesters for basic hygiene practices and 
for Individual Protection Equipment (IPE) using (such as gloves, glasses, masks), and for 
harvesting fruits avoiding any contact fruit-harvester or fruit-ground (Fig. 1).  
 
Microbiological Analysis 
For microbiological analysis, serial dilutions were made in 0,1% buffered peptone 
water, according to Lanara (1981). Total aerobic bacteria, total and fecal coliforms, 
generic E. coli, and mold and yeast were enumerated as they naturally occur on the 
pineapple skin at harvest. Pineapple skin samples were also analyzed for the presence of 
Salmonella and Staphylococcus aureus. 
Pineapple skin samples were collected using sanitized knives. The 10 cm2 of skin 
sample samples were aseptically excised and placed in a sterile glass with an appropriate 
amount of buffered peptone water (Difco, Detroit, Mich, USA) to achieve a 10-1 dilution. 
Serial dilutions were made in 0.1% buffered peptone water (PW).   
 
Aerobic Plate Count 
For total Aerobic Plate Count (APC), appropriate serial dilution with buffered PW 
were plated onto Plate Count Agar (Difco) using the pour-plate method in duplicate. The 
plates were incubated at 37°C for 24 h.  
 
Enumeration of Molds and Yeast 
For molds and yeast analysis, serial dilutions were plated onto Potato Count Agar 
(Difco) and were incubated in the dark for 5 d at room temperature. Total and fecal 
coliforms and S. aureous were analyzed according Lanara (1981). When it was the case, 
after incubation, colonies of microorganisms were counted with the assistance of a 
Colony Counter. 
 
Qualitative Salmonella Analysis 
Qualitative analysis for Salmonella spp. was performed by pre-enriching samples 
in 25 ml PW at 37°C for 24 h. Aliquots (0.5 ml) of pre-enriched samples were transferred 
to 10 ml tetrathionate (TT) broth (Difco). Aliquots (0.1 ml) of the pre-enriched culture 
also were transferred to 10 ml Rappaport-Vassiliadis (RV) broth. TT and RV broths were 
incubated at 42°C for 24 h. One loopful of samples from each selective enrichment was 
streaked onto Double Modified Lysine Iron agar (DMLIA) and Brilliant Green 
Sulfapyridine agar (BGS, Difco) plates and incubated at 37°C for 24 h. Suspect colonies 
on BGS and DMLIA plates were streaked on Triple Soy Iron agar (TSI, Difco) and 
Lysine Iron agar (LIA) slants for evaluation of isolates giving typical Salmonella spp. 
reactions.   
 
Statistical Analysis 
A completely randomized experimental design in a factorial scheme (2 x 4) was 
used, with three replications of 12 fruits/management system, each harvesting period. The 
factors evaluated were management system (+ GAP, -GAP) and four month of harvest. 
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The data from three replications (12 fruit/rep, harvest period) were statistically analyzed. 
The Least Significant Difference test was used to determine differences between the 
treatments. Significance of differences was set at P<0.05.  
 
RESULTS AND DISCUSSION 
In general, the number and types of bacterial isolated from fruit could also reflect: 
(1) crop management, for example fresh/composted manure application, (2) 
physicochemical conditions of aquatic environment, for example, temperature, pH, 
salinity, (3) interaction between microorganism and fruit, for example, location bacteria, 
resident bacteria, (4) harvest procedures, for example, IPE using , (5) handling, for 
example, packaging and transportation, (6) method employed for isolation, for example, 
type of media used, temperature and duration of incubation. Ayres et al. (1980) found that 
the extent of initial contamination is directly influenced by the degree of sanitation 
practiced throughout the fruit production chain.  
Aerobic Plate Count (APC). The values for APC did not significantly differ 
(P>0.05) between management systems. These similar values for APC in pineapple skin 
may be due to potential contamination with microorganisms from animals housed near 
the production facility, contaminated water, and inadequate employee hygiene (Besser et 
al., 1993). All APC’s were grater than 105 CFU.g. This population is not necessarily 
indicative of spoilage problems because 105 cels/g is not considered as a large population 
(Sapers et al., 1999) due to production conditions associated with pineapple in Paraíba 
State. 
Despite their significant contribution to spoilage, mold and yeast growth on 
pineapple skin has not been investigated previously. Mold and yeast were significantly 
lower (P<0.05) in pineapple grown under GAP system. Mold and yeast may be 
introduced during growing season from the environment or from handling fruits. The 
lower levels of mold and yeast counts under GAP indicate that the intervention on some 
steps of production chain is significantly important to guarantee the quality assurance and 
in minimizing food safety hazards 
Total coliform counts were significantly lower (P>0.05) for pineapple grown 
under GAP as compared with fruit from conventional management system. No fecal 
coliform was detected in pineapple produced under GAP system; however, mold and 
yeast counts did not differ between treatments.  
No E. coli was detected on pineapple grown under Good Agricultural Practices 
system; however, coliforms were detected. Total coliforms on pineapple skin from fruit 
grown under GAP system averaged 2.2 × 101 NMP/g in December, a summer month, in 
Brazilian Northeast. In this study, total coliforms counts was significantly reduced as a 
result of GAP intervention, when compared with conventional system of production, 
probable as a result of composting manure and better hygiene habits by employees. Fecal 
coliform counts were also significantly lower (P>0.05) for pineapple grown under GAP as 
compared with fruit from conventional management system. No fecal coliform was 
detected in pineapple produced under GAP system; however, aerobic plate counts did not 
differ between treatments. These results indicate that pineapple grown under GAP system 
result in better microbial quality, by presenting lower mold and yeast, total and fecal 
coliforms counts, and absence of generic E. coli. In control fruits (- GAP), E. coli 
populations were greater on cut or punctured fruit surfaces of fresh pineapples than on the 
intact skin (data not shown).    
Total coliform and E. coli Sim plate was used to detect and quantify the total 
coliform and E. coli from pineapple from (+) GAP or (-) GAP systems. Coliforms counts 
and E. coli may indicate contamination from fecal –contaminated water, or from fresh 
manure application. Animal herds, frequently observed in orchards in many pineapple-
producing areas of Paraiba State, are known sources of fecal coliforms. Fecal coliforms 
also have been isolated from fresh manure and birds dropping (Data not shown). Fecal 
mater from such sources might contaminate pineapple directly or indirectly via irrigation 
water or windblown dust. On the other hand, some coliforms (for example, E. aerogenes) 
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are free-living organisms and are not the result of human or animal fecal contamination 
(Jay, 2000). Therefore, it should not be assumed that a positive coliform test is due to 
direct fecal contamination (Ayre et al., 1980). The flesh of fruit is bacteriologically sterile 
and becomes contaminated during processing, particularly due to contact with its skin as 
the fruit is cut (Goverd et al., 1979).    
The presence of S. epidermis is generally considered to be normal flora of skin. 
The presence of this organism can indicate cross contamination from the employee skin 
onto the fruit skin during harvest and handling (Jay, 2000). S. aureous was detected only 
in pineapple grown under conventional ((-) GAP) cropping system (Table 6). S. aureous 
is a well recognized human pathogen and is capable of producing human intoxication 
when the toxin is consumed along with the food (Kraft, 1992). This microorganism has 
been recovered from skin lesions, skin nasal passages, and hair of warm-blooded animals 
(Ayre et al., 1980; Jay, 2000), including humans. Therefore, the presence of S. aureous in 
the skin of pineapple from (-) GAP system is an indicator of poor hygiene and sanitation 
practices (Kraft, 1992).  
Based upon microbial flora quantification and identified in pineapple from (+) 
GAP and (-) GAP, the adoption of Good Agricultural Practice production system reduces 
the microbial load and minimizes de incidence of pathogenic microorganisms, assuring 
human health, and therefore may become a requirement for safe fruit human 
consumption. 
 
CONCLUSIONS 
Collectively the results lead to conclusion that pineapple grown under GAP 
system showed superior microbial quality as compared with fruits grown under traditional 
system, probable due to rational handling procedures, appropriate use of agricultural 
resources, and employees training. 
As for any food product, in the packinghouse and industry, for pineapple even 
from GAP system, a Harzard Analysis and Critical Control Point (HACCP) program is 
recommended to ensure the product is kept safe for consumption. HACCP is used as a 
management tool to protect a food product against microbial, chemical, and physical 
safety hazards. Data from this study will be used as a basis for identifying where critical 
control points are needed in the HACCP plan for pineapple directed to fresh market or to 
industry and will provide initial baseline data needed for identifying microbial associated 
with pineapple in the field. These data will also provide the information needed to ensure 
the microbial safety pineapple for exportation.  
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Tables 
 
 
 
Table 1. Aerobic plate counts of Perola Pineapple skin, from fruit grown under 
conventional (-GAP) and under Good Agricultural Practices (+GAP) management 
systems (Santa Rita, PB, Brazil, 2003)*.  
 
Month of harvest - GAP (CFU/g) 
+ GAP 
(CFU/g) 
July a3,2 × 105 a1,2 × 105 
September a1,2 × 105 a1,1 × 105 
November a2,2 × 105 a2,2 × 105 
December  a1,1 × 105 a3,2 × 105 
*Means values are duplicate from three replications; Values with different superscripts are significantly 
(P<0.05) different. 
 
 
 
 
 
Table 2. Yeast and mold counts of Perola Pineapple skin, from fruit grown under 
conventional (-GAP) and under Good Agricultural Practices (+GAP) management 
systems (Santa Rita, PB, Brazil, 2003)*.  
 
Month of harvest - GAP (CFU/g) 
+ GAP 
(CFU/g) 
July a3,0 × 105 b1,2 × 104 
September a2,4 × 105 a1,3 × 105 
November a3,0 × 105 b2,2 × 103 
December    a1,51 × 105 b3,0 × 103 
*Means values are duplicate from three replications; Values with different superscripts are significantly 
(P<0.05) different. 
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Table 3. Total coliforms counts of Perola Pineapple skin, from fruit grown under 
conventional (-GAP) and under Good Agricultural Practices (+GAP) management 
systems (Santa Rita, PB, Brazil, 2003)*.  
 
Month of harvest - GAP (NMP/g) 
+ GAP 
(NMP/g) 
July > a2,4 × 104 b2,1 × 103 
August > a2,4 × 104 b1,1 × 103 
September > a2,4 × 104 b3,2 × 102 
October > a2,4 × 104 b4,2 × 102 
November > a2,4 × 104 b9,3 × 101 
December  > a2,4 × 104 b2,2 × 101 
*Means values are duplicate from three replications; Values with different superscripts are significantly 
(P<0.05) different. 
 
 
 
 
 
Table 4. Fecal coliform counts of Perola Pineapple skin, from fruit grown under 
conventional (-GAP) and under Good Agricultural Practices (+GAP) management 
systems (Santa Rita, PB, Brazil, 2003)*.  
 
Month of harvest - GAP (NMP/ml) 
+ GAP 
(NMP/ml) 
July > a2,4 × 102 b2.3 × 101 
August > a2,4 × 102 b1.2 × 101 
September > a2,4 × 102 b5.3 × 100 
October > a2,4 × 102 b3.0 × 100 
November > a2,4 × 102 b2.3 × 100 
December  > a2,4 × 102 b3.0 × 100 
*Means values are duplicate from three replications; Values with different superscripts are significantly 
(P<0.05) different. 
 
 
 
 
 
Table 5. Presence of Salmonella in Perola Pineapple skin, from fruit grown under 
conventional (-GAP) and under Good Agricultural Practices (+GAP) management 
systems (Santa Rita, PB, Brazil, 2003)*.  
 
Month of harvest - GAP + GAP 
July Present Absent 
August Present Absent 
September Absent Absent 
October Present Absent 
November Absent Absent 
December  Present Absent 
*Means values are duplicate from three replications, when at least one rep was positive.  
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Table 6. Presence of Staflococcus aureous in Perola Pineapple skin, from fruit grown 
under conventional (-GAP) and under Good Agricultural Practices (+GAP) 
management systems (Santa Rita, PB, Brazil, 2003)*.  
 
Month of harvest - GAP + GAP 
July Present Absent 
August Absent Absent 
September Absent Absent 
October Present Absent 
November Absent Absent 
December  Present Absent 
*Means values are duplicate from three replications, when at least one rep was positive.  
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Fig. 1. Crop management system flow at de orchards in Santa Rita County, Paraíba State, 
Brazil.  
 
